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® Device and method for detecting a partial restriction. 



© A device for detecting partial restrictions in a 
fluid line (16) connecting a fluid source (14) with an 
IV infusion pump (10) comprises a gauge mounted 
on the pump (10) and operatively associated with the 
line (16) to determine fluid pressure therein. The 
pump (10) also comprises means to conditionally 
occlude the line and means, upon occlusion of the 
line (16), to establish fluid pressure parameters with- 
in which the indication is that there is no partial 
restriction in the line. The pump (10) also comprises 
means to compare actual pressure measured by the 
gauge during an occlusion with the established pa- 
rameters to determine whether pump operation is to 
be continued. 

A method for detecting a partial restriction in a 
fluid line (16) comprises the steps of occluding the 
^line, measuring variations in the outside diameter of 
^the line (16) at a location upstream from the occlu- 
^■■sion, determining whether the variation traverses a 
CO predetermined limit value and alarming to indicate a 
Impartial restriction whenever the limit is traversed. 
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PARTIAL RESTRICTION DETECTORS 



This invention relates to partial restriction de- 
tectors and generally to devices which are useful 
for monitoring fluid pressure in a fluid line and 
indicating when variations in pressure exceed es- 
tablished limits. More particularly, the present in- 
vention relates to a device which monitors fluid flow 
through a resilient tube to detect when there is a 
partial restriction to fluid flow through the tube. The 
present invention is particularly, but not exclusively, 
useful in the health care field in combination with 
an IV infusion pump for the administration of medi- 
cal solutions to a patient. 

As is well known in the health care field, un- 
wanted restrictions or occlusions in the fluid line of 
an IV administration system can have series con- 
sequences for the patient to which medical solu- 
tions are being administered. Accordingly, much 
effort has been given to detecting such conditions 
before complications result. It is known that the 
incorporation of a fluid pump in an IV administra- 
tion system will help alleviate problems caused by 
fluid line restrictions. Use of a pump, however, 
does not completely solve these problems. Indeed, 
it can even create other problems. The conclusion 
is that partial restrictions in a fluid line cannot be 
ignored. 

Previously, the concern with IV administration 
systems incorporating pumps has focused on iden- 
tifying excessive fluid pressure in the system which 
would indicate the presence of an occlusion. For 
example, US-A-4,244,365 discloses an overpres- 
sure device useful for this purpose. Also US-A- 
4.277,227 discloses a device which is activated to 
indicate a restriction or occlusion whenever a pre- 
determined fluid pressure is attained. On the other 
hand, devices such as the one disclosed in US-A- 
4,277,226 react to the absence of fluid pressure in 
the line to indicate an occlusion. Of the many 
devices disclosed for actually measuring the fluid 
pressure in the line, a resilient diaphragm as dis- 
closed in US-A-4,277,227 is typical. Another meth- 
od for measuring fluid pressure is disclosed in US- 
A-4,373,525 which uses a device that measures 
dimensional variations in the outside diameter of a 
resilient tube and correlates these variations to 
changes in fluid pressure. 

In none of these earlier references, however, 
has there been a teaching or suggestion that re- 
sponse parameters for dimensional variations in the 
outside diameter of a resilient fluid line can be 
periodically established during a downstream oc- 
clusion and that subsequent variations can be test- 
ed for compliance with these parameters. In accor- 
dance with the present invention, compliance with 
the established parameters indicates that normal 



operation can continue. On the other hand, violation 
of the parameters indicates the presence of a par- 
tial restriction in the upstream line. 

Detection of a partial upstream restriction is 

5 important because, for one thing, the operation of a 
pump in a system with such a restriction can result 
in fluid volume errors. This is particularly so when 
peristaltic pumps are employed. Also, partial re- 
strictions in the fluid line can cause resistive forces 

ro that reduce the system's overall efficiency. For 
example, overcoming these resistive forces can 
cause the pump's motor to labour. Additionally, 
partial restrictions in a fluid line can create disrup- 
tive fluid flow conditions within the system which 

75 cause still further problems. 

It is an object of the present Invention to pro- 
vide a device for detecting partial restrictions in a 
fluid line. 

According to one aspect of this invention there 
20 is provided a partial restriction detector comprising 
occluding means for creating an occlusion in a fluid 
line, detector means adapted either to be oper- 
ative^ associated with said fluid line to determine 
fluid pressure changes in said fluid line upstream 
25 from said occlusion or to be operatively associated 
with said fluid line upstream from the occlusion to 
determine dimensional variations in the outside di- 
ameter of the said fluid line, and alarm means to 
alarm either when said pressure reaches a pre- 
30 determined limit or when said outside diameter of 
the fluid line attains a predetermined threshold 
value. 

According to another aspect of this invention 
there is provided a device for detecting a partial 

35 restriction in a fluid line connecting a fluid source in 
fluid communication with a pump which comprises: 
means for creating an occlusion of said fluid line; 
a gauge operatively associated with said line for 
determining fluid pressure changes, in said tube 

40 upstream from the occlusion during an established 
time interval; 

means to establish a predetermined limit for said 
pressure change; and 

means for alarming when said pressure change 

45 traverses a predetermined limit. 

According to another aspect of this invention 
there is provided a device for detecting restrictions 
in a resilient fluid line connecting a fluid source 
with a peristaltic pump having means to create a 

so moving zone of occlusion along a portion of the 
line which comprises; 

means operatively associated with said fluid line 
upstream from the occlusion to determine dimen- 
sional variations in the outside diameter of said 
line; 
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means to stop operation of said pump for a deter- 
minable time interval; and 

means to alarm and indicate a restriction in said 
line when the outside diameter of said line attains a 
predetermined threshold value during said time in- 
terval. 

The preferred embodiment of the present in- 
vention recognizes that partial restrictions in the 
line upstream from a pump can be detected and 
that such detection will obviate unwanted conse- 
quences of a partial restriction. Specifically, the 
preferred embodiment of the present invention rec- 
ognizes that, for IV administration systems incor- 
porating peristaltic pumps, fluid volume errors can 
result from the partial collapse of the fluid line 
caused when the pump attempts to pull fluid 
through a restriction. 

The preferred embodiment of the device for 
the present invention which is used to detect partial 
restrictions in resilient fluid line connecting a fluid 
source with a pump comprises a gauge mounted 
on the pump for operative association with the fluid 
line. In this embodiment, the gauge is positioned to 
rest against the fluid line to measure dimensional 
variations in its outside diameter. Further, in this 
embodiment, means associated with the gauge 
correlates these dimensional variations with 
changes in the fluid pressure in the line. The pre- 
ferred embodiment also comprises means to con- 
ditionally occlude the line downstream from the 
gauge and subsequently monitor the pressure vari- 
ations at the location of the gauge prior to fluid . 
pressure stabilization. The device of the preferred 
embodiment of the present invention also com- 
prises means to establish a threshold pressure 
relative to the fluid pressure immediately following 
the occlusion of the line and to subsequently es- 
tablish a retest pressure relative to the stabilized 
pressure. Means are also provided in this embodi- 
ment to alarm the device whenever the threshold 
pressure is attained and to establish a new thresh- 
old pressure if the retest pressure is realized. 

The preferred embodiment of the present in- 
vention may be used in combination with either a 
peristaltic pump, in which a moving zone of occlu- 
sion is generated along the fluid line, or in com- 
bination with a valved pump, in which the valve 
periodically occludes the upstream line while fluid 
is pumped into the downstream line. Where a peri- 
staltic pump is used, the preferred embodiment of 
the present invention further comprises means to 
stop the pump for a predetermined interval of time 
when the occlusion is downstream from the gauge. 
Additionally, means are provided in this embodi- 
ment to extend this interval an operationally per- 
missible increment of time in the event the fluid 
pressure in the line has not stabilized below the 
threshold pressure within the originally established 



interval. 

According to a further aspect of this invention 
there is provided a method for detecting a partial 
restriction in a fluid line connecting a fluid source in 
5 fluid communication with a pumping which com- 
prises the steps of 

(a) Occluding the line; 

(b) Measuring variations in the outside diam- 
eter of the line at a location upstream from the 

10 occlusion; 

(c) Establishing a limit value for said mea- 
sured variations; 

(d) Determining whether the variation tra- 
verses said predetermined limit value; and 

fs (e) Alarming to indicate a partial restriction 

whenever the limit is traversed. 

It is an advantage of the present invention that 
it provides means for establishing acceptable fluid 
20 pressure parameters in the line, within which nor- 
mal operation of the pump can continue. Another 
advantage of the present invention is that it pro- 
vides a partial restriction detector which is rela- 
tively easy to manufacture, which is reliable and 
25 which is cost effective. 

Reference is now made to the accompanying 
drawings in which :- 

Figure 1 is a front elevational view of an IV 
system incorporating the present invention; 
30 Figure 2 is a cross-sectional view of a pump- 

ing mechanism incorporating the present invention 
as seen along the line 2-2 in Figure 1 ; 

Figure 3 is a cross-sectional view of the 
gauge of the present invention as presented in 
35 Figure 1 when viewed along the line 3-3 in Figure 
2; 

Figure 4 is a cross-sectional view of a por- 
tion of the peristaltic mechanism shown in Figure 2 
with the peristaltic occlusion upstream from the 
40 gauge; 

Figures 5A and 5B are cross-sectional views 
of the peristaltic mechanism shown in Figure 4 with 
the peristaltic occlusion downstream from the 
gauge and respectively showing the results of a 
45 partially restricted tube and an unrestricted tube; 

Figure 6 is a schematic diagram of the 
present invention in combination with a valved 
pump; and 

Figures 7A, 7B and 7C are graphic plots of 
so pressure-time variations for upstream fluid pressure 
under various operating conditions. 

Figure 1 shows an IV administration system in 
which an IV pump, generally designated 10, is 
55 used. It is to be understood at the outset that, while 
the present invention is primarily intended for use 
with a peristaltic pump, it may also be used in 
combination with other types of pumps. As seen in 
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Figure 1, the pump 10 is a linear peristaltic pump 
and is mounted on a pole 12 on which a fluid 
source 14 is also hung. In accordance with stan- 
dard set-up procedures, fluid source 14 is con- 
nected in fluid communication with an upstream IV 
tube or line 16 which is operatively associated with 
the pumping mechanism 18 of pump 10. A fluidline 
20, downstream from pumping mechanism 18, pro- 
vides for an extension of line 16 and is connected 
to the patient 22 in any manner well known in the 
pertinent art that will allow for the infusion of fluids 
or medical solutions to the patient 22. 

Referring now to Figure 2, it will be seen that 
pumping mechanism 18 is a finger-type linear peri- 
staltic pump. Specifically, as primarily intended for 
the present invention, mechanism 18 has a struc- 
ture and a cooperation of structure similar to the 
device disclosed in US-A-4,617 ,014 and in US-A- 
4,690.673, both of which are presently assigned to 
the same assignee as the present invention. Brief- 
ly, Figure 2 shows that rotation of cam shaft 24 and 
the consequent rotation of cams 26 mounted on 
shaft 24 cause fingers 28 to sequentially urge 
against line 16 to create a moving zone of occlu- 
sion along the line 16. more specifically, fingers 28 
squeeze line 16 between fingers 28 and platen 30 
to create the moving zone of occlusion. 

Also shown in Figure 2, as part of mechanism 
18, is a gauge 32 which is flanged by stationary 
fingers 34a and 34b. Although gauge 32 and sta- 
tionary fingers 34a~and 34b can be fully appre- 
ciated by reference to US-A-4,617.014 or US-A- 
4,690,673, the functioning of gauge 32 can also be 
appreciated by reference to Figure 3. In Figure 3 it 
is seen that gauge 32 comprises a flexible beam 
36 on which a strain gauge (not shown) can be 
placed in any manner well known in the pertinent 
art. As will be understood by the skilled artisan, 
flexures of beam 36 can be converted into charges 
of electrical current by the strain gauge to indicate 
the amount of bending undergone by beam 36. 
Figure 3 also shows that one end of beam 36 is 
connected to a pressure plate 38 while the other 
end of beam 36 is fixedly mounted on a base 40. 
Importantly, pressure plate 38 rests against line 16 
with line 16 disposed between pressure plate 38 
and platen 30. Consequently, since base 40 is 
fixed in position relative to platen 30, variations in 
fluid pressure in line 16 which cause the line 16 to 
expand or collapse between plate 38 and platen 30 
will result in movement of plate 38 in the directions 
indicated by arrow 64. As will be known by the 
skilled artisan, this movement of plate 38 results in 
flexures of beam 36. As implied above, these flex- 
ures correlate to variations in fluid pressure within 
line 16. Also, these flexures cause the strain gauge 
(not shown) on beam 36 to generate electrical 
signals which are transmitted via electrical connec- 



tors 44 to a microprocessor (not shown) for pur- 
poses to be subsequently disclosed. 

Figure 4 shoes gauge 32 in cooperation with 
the fingers 28 of mechanism 18 in a condition 
5 where an occlusion 42 is created on line 16 up- 
stream from the gauge 32 by the interaction of 
finger 28 squeezing line 16 against platen 30. In 
this instance, and for the conditions depicted in 
Figures 5A and 5B, arrow 66 indicates the direction 

io of operational fluid flow through line 16. 

In Figures 6A and 5B, two different conditions 
are shown which can occur when the occlusion 42 
is downstream from gauge 32. More specifically. 
Figure 5A shows the condition where line 16 is 

75 reacting to a partial restriction in line 16 upstream 
from gauge 32. The condition in Rgure 5A will 
typically result immediately upon stopping opera- 
tion of pump 10 when the occlusion 42 is down- 
stream from gauge 32. This is so because line 16 

20 has partially collapsed as a result of the attempt by 
pump 10 to pull fluid through a partially restricted 
line 16. This condition, however, is transistor/. The 
fluid pressure in line 16 caused by the height of 
fluid source 14 above mechanism 18 (i.e. "bottle 

25 height") will cause line 16 to reactively expand and 
stabilize in a position as shown in Rgure 5B. 

When there is no partial restriction in line 16, 
the configuration of line 16 at the time pump 10 is 
stopped with occlusion 42 downstream from gauge 

30 32, will be very close to the stabilized position 
shown in Rgure 5B. Indeed, because line 16 is not 
collapsed, under this condition, the dimensional 
variation in line 16 required to obtain a stabilized 
configuration is minimal. This is of no concern. On 

35 the other hand, a variation such as shown by the 
transition in configuration of line 16 from that as 
shown in Rgure 5A to that shown in 5B is of 
concern. As will be subsequently discussed in 
greater details, both the magnitude of this variation 

40 and the time required for eventual stabilization are 
important. 

In an alternate embodiment of the present in- 
vention, a gauge 32 and its associated circuitry 
may be used with a valved pump such as is 

45 disclosed in US-A-3,985,133. A pump of this type 
is schematically shown in Figure 6 and is generally 
designated 46. Typically, a pump of this type asso- 
ciates with a cassette 48 which incorporates a 
rotatable valve 50. As shown, valve 50 has a pas- 

so sageway 52 intersecting a passageway 54 through 
which fluid can pass. According to the orientation 
of valve 50, fluid can be drawn into pumping cham- 
ber 56 from line 16 through valve 50 or expelled 
from chamber 56 and into line 20 through valve 50. 

55 Orientation of valve 50 for these purposes is estab- 
lished through a connection (not shown) between 
valve 50 and pump 46 which moves valve 50 in the 
direction indicated by arrow 62. The resultant 
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movement of valve 50 is done in concert with the 
movement of piston 58 into and out of chamber 56. 
Like valve 50, piston 58 is moved by the action of 
pump 46. This particular action, however, is ac- 
complished through connector 60- As will be appre- 
ciated by the skilled artisan, whenever pump 46 is 
pumping fluid from chamber 56 into line 20. valve 
50 has occluded line 16. This resultant occlusion is 
effective for purposes of the present invention and. 
accordingly, serves the same purpose served by 
occlusion 42 generated by linear peristaltic pump 
10. Unlike the situation with peristaltic pumping 
mechanism 18. however, when a valved pump 46 
is used there is no need to stop pump 46 during 
the monitoring interval to be discussed. In all other 
respects, the operation of the present invention is 
similar regardless whether a peristaltic or a valved 
pump is used. 

The administration system 10 will now be de- 
scribed in operation. 

Operation of the present invention is best un- 
derstood conceptually by reference to Figures 7A, 
7B and 7C, each of which is a graphic plot of 
pressure (P) versus time (T). Specifically, each 
figure represents an observable pressure variation 
in fluid line 16 as sensed by pressure sensor 32 
under differing conditions. Figure 7A shows an 
expected pressure variation 90 immediately after 
operation of pump 10 has been stopped under 
normal operating conditions. Figures 7B and 7C 
respectively show different pressure variations 92 
and 96 which can result when there is a partial 
restriction in fluid line 16 upstream from the occlu- 
sion 42. In the case depicted in Figure 7B, an 
upstream partial restriction collapses line 16 to a 
point where its expansion during rebound to sta- 
bilization traverses a greater range than would be 
normally expected. Again, compare Figure 5A with 
5B. In the case depicted in Figure 7C, an upstream 
restriction retards expansion of line 16 to an extent 
where line 16 cannot effectively recover to sta- 
bilization within an acceptable time period. In either 
case, something must be corrected before there 
can be normal operation. Fortunately, each of these 
two cases exhibit identifiable deviations from the 
norm which can be detected. 

First, however, the norm must be defined. How 
this is done will be best appreciated with reference 
to Figure 7A which shows an expected pressure 
variation 90 at the location of sensor 32 when 
pump 10 is stopped and peristaltic occlusion 42 is 
downstream from sensor 32. Recall pressure vari- 
ation 90 occurs when there is no upstream partial 
restriction. Figure 7A also shows the established 
parameters for proper functioning of the present 
invention. Combining the typical pressure variations 
and operational parameters on a single figure is 
instructive since the present invention recognizes 
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that a partial upstream restriction can be detected 
by observing deviations from the expected norm 
relative to the established acceptable operational 
parameters. As shown in Figure 7A, if the peristal- 
5 tic occlusion 42 is downstream from sensor 32 and 
the operation of pump 10 is then stopped at time 
101, sensor 32 will indicate an initial pressure 120 
in line 16. While pump 10 remains stopped during 
the interval from time 101 to time 103 "bottle 

70 height" fluid pressure in line 16 will cause line 16 
to expand. This expansion results in pressure vari- 
ation 90 which shows that the outer diameter of line 
16 eventually stabilizes under the bottle height 
pressure to indicate a stabilized pressure 122. 

rs Thus, with no restrictions in line 16 upstream from 
occlusion 42 a pressure variation 90 between pres- 
sure 120 and pressure 122 is expected in the time 
interval immediately after pump 10 is stopped. 
The present invention uses this expectation to 

20 advantage by establishing pressure and time pa- 
rameters within which pump 10 can continue op- 
eration. Just how this is accomplished will be best 
understood by considering the time sequence of 
events. Start by considering that pump 10 is func- 

25 tionally operating under normal conditions to pump 
fluid through line 16. At time 101, when occlusion 
42 is downstream from sensor 32, pump 10 is 
stopped. Simultaneous with the stopping of pump 
10, line 16 senses pressure 120 and sensor 32 

30 transfers this information to a microprocessor (not 
shown) where a pressure differential 124 is added 
to pressure 120 to establish threshold pressure 
126. It will be understood that the microprocessor 
used for this purpose can be of any commercially 

35 available model well known in the pertinent art. 
After time 101, line 16 recovers from the pumping 
operation and expands until it stabilizes at time 102 
under the normal bottle height pressure 122. Once 
the fluid pressure in line 16 stabilizes at pressure 

40 122. the microprocessor uses a predetermined 
pressure differential 128 to establish a retest pres- 
sure 130. At time 103 pump 10 resumes its pump- 
ing operation. 

As described, operational parameters are es- 

45 tablished with reference to expected pressure vari- 
ation 90 during the predetermined interval 110, 
between time 101 and time 103, when pump 10 is 
stopped. Threshold pressure 126 is established at 
time 101 relative to initial pressure 120 and retest 

so pressure 130 is established relative to the stabi- 
lized pressure 122. Subsequently, any pressure 
detected above threshold pressure 126 prior to 
time 103 will be used as a signal by the micropro- 
cessor to alarm and cease operation of pump 10. 

55 Also, any pressure detected below retest pressure 
130 will be used as a signal by the microprocessor 
to momentarily stop pump 10 for an interval 110 
and test for deviations from the expected pressure 
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variation 90. 

Rgure 7B depicts two scenarios wherein the 
fluid pressure in line 16 has fallen to the retest 
pressure 130 at a time 104. In accordance with the 
logic of the present invention, whenever pressure 
has fallen to retest pressure 130, pump 10 will be 
stopped for the predetermined time interval 110. In 
this instance, pump 10 is stopped at time 104 and 
predetermined pressure differential 124 is added to 
retest pressure 130 to establish a new threshold 
pressure 132. In the particular scenario for pres- 
sure variation 94, new threshold pressure 132 is 
not exceeded. Instead, pressure variation 94 stabi- 
lizes at time 105 at a pressure 134 within interval 
110, i.e. before time 106. Pressure variation 94 
closely resembles pressure variation 90. It, how- 
ever, has different values. Also, within interval 110, 
pressure differential 128 is used by microprocessor 
(not shown) to establish a new retest pressure 136. 
Once all this is done, pump 10 will resume normal 
operation. The logic consideration in the case of 
pressure variation 94 is that tube 16 has merely 
relaxed. Accordingly, its memory has been dimin- 
ished. In all other respects it behaves normally. On 
the other hand, if there is a partial restriction in line 
16. the above scenario for pressure variation 94 will 
not occur. Instead, during interval 110, between 
time 104 and time 106, a pressure variation 92 will 
be monitored. With pressure variation 92, threshold 
pressure 132 is exceeded at time 105 within time 
interval 110. This indicates a partial upstream re- 
striction in line 16 for which pump 10 can be 
properly programmed to alarm or cease operation. 

Figure 7C depicts yet another scenario in 
which the variation of fluid pressure in line 16 
indicates a partial upstream restriction. In this case, 
fluid pressure in tube 16 has fallen to retest pres- 
sure 130 at time 107. As intended for the retest 
procedure, pump 10 is stopped and the predeter- 
mined time interval 110 is established from time 
107 to time 108. In this scenario, however, pres- 
sure variation 96 does not exceed threshold pres- 
sure 132 established by the pressure differential 
124 and does not stabilize prior to the end of 
interval 110. Instead, at time 108 pressure variation 
96 indicates that line 16 is still expanding toward 
stabilization under the bottle height pressure and 
that threshold pressure 132 has not been attained. 
When this happens, the microprocessor is pro- 
grammed to provide for an extension of interval 
110 by a period of time 112. During this extended 
period 112 the microprocessor continues to moni- 
tor for a pressure stabilization. If, prior to time 109. 
pressure variation 94 has either failed to stabilize, 
or has attained threshold pressure 132, the micro- 
processor will cause pump 10 to alarm or cease 
operation. 



Claims 

1. A partial restriction detector comprising oc- 
cluding means for creating an occlusion in a fluid 

s line, detector means adapted either to be oper- 
ative^ associated with said fluid line to determine 
fluid pressure changes in said fluid line upstream 
from said occlusion or to be operatively associated 
with said fluid line upstream from the occlusion to 

10 determine dimensional variations in the outside di- 
ameter of said fluid line, and alarm means to alarm 
either when said pressure reaches a predetermined 
limit or when said outside diameter of the fluid line 
attains a predetermined threshold value. 

/5 2. A device for detecting a partial restriction in 

a fluid line connecting a fluid source in fluid com- 
munication with a pump which comprises: 
means for creating an occlusion of said fluid line; 
a gauge operatively associated with said line for 

20 determining fluid pressure changes in said line 
upstream from the occlusion during an established 
time interval; 

means to establish a predetermined limit for said 
pressure change; and 
25 means for alarming when said pressure change 
traverses a predetermined limit. 

3. A device according to Claim 2 wherein said 
gauge measures variations in the outside diameter 
of said tube and said device further comprises 

30 means to correlate said diameter variations with 
said pressure changes. 

4. A device according to Claim 2 or 3 wherein 
said pump is a finger peristaltic pump and said 
means for creating said occlusion is a peristaltic 

35 finger of said pump. 

5. A device according to Claim 2, 3 or 4 further 
comprising means associated with said pump to 
stop said pump for initiating said established inter- 
val. 

40 6. A device according to any of Claims 2 to 5 

wherein said means for creating said occlusion is a 
valve disposed in said fluid line, said valve being 
operatively connected to said pump to alternatingly 
open and close said line for fluid communication 

45 with said pump. 

7. A device according to Claim 6 wherein said 
established time interval is initiated simultaneously 
with closing said valve to fluid communication with 
said pump. 

so 8. A device according to Claim 6,7 or 8 further 

comprising means to define a portion of said limit 
as a threshold pressure value simultaneously with 
operation of said valve to close said line. 

9. A device according to any of Claims 2 to 5 

55 further comprising means to define a portion of 
said limit as a threshold pressure value simulta- 
neously with stopping said pump. 
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10. A device for detecting restrictions in a 
resilient fluidline connecting a fluid source with a 
peristaltic pump having means to create a moving 
zone of occlusion along a portion of the line which 
comprises: 

means operatively associated with said fluid line 
upstream from the occlusion to determine dimen- 
sional variations in the outside diameter of said 
line; 

means to stop operation of said pump for a deter- 
minable time interval; and 

means to alarm and indicate a restriction in said 
line when the outside diameter of said line attains a 
predetermined threshold value during said time in- 
terval. 

11. A device according to Claim 10 further 
comprising means to establish said threshold value 
simultaneously with stopping operation of said 
pump. 

12. A device according to any of Claims 2 to 
11 further comprising means to initiate said time 
interval whenever the outside diameter of said line 
collapses to a predetermined value. 

13. A device according to Claim 12 further 
comprising: 

means associated with said pump to extend said 
time interval a determinable period when the out- 
side diameter of said tube is expanding below the 
threshold value at the end of said interval; and 
means to alarm and indicate a restriction in said 
line when the outside diameter of said line is still 
expanding below the threshold level at the, end of 
the extended time interval. 

14. A method for detecting a partial restriction 
in a fluid line connecting a fluid source in fluid 
communication with a pumping which comprises of 
the steps of: 

(a) Occluding the line; 

(b) Measuring variations in the outside diam- 
eter of the line at a location upstream from the 
occlusion; 

(c) Establishing a limit value for said mea- 
sured variations; 

(d) Determining whether the variation tra- 
verses said predetermined limit value; and 

(e) Alarming to indicate a partial restriction 
whenever the limit is traversed. 

15. A method according to Claim 14 further 
comprising the steps of: 

(a) Stopping the pump to occlude the line; 

(b) Establishing the limit value simultaneous- 
ly with stopping the pump; and 

(c) Waiting for an established interval of time 
to determine whether the variation traverses the 
limit. 



16. A method according to Claim 14 or 15 
further comprising the step of monitoring the vari- 
ations to occlude the line whenever the line col- 
lapses below a preset dimension. 
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